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ENTERPRISE SCHEDULING SYSTEM FOR SCHEDULING MOBILE SERVICE 

REPRESENTATIVES 

CROSS-REFERENCE TO RELATED APPLICATION 

This application incorporates by reference and claims the benefit of U.S. 
Provisional Application No. 60/193,834, filed March 31, 2000; U.S. Provisional Application No. 
60/193,917, filed March 31, 2000; U.S. Provisional Application No. 60/193,832, filed March 31, 
2000; U.S. Provisional Application No. 60/193,705, filed March 31, 2000; and U.S. Provisional 
Application No. 60/193,833, filed March 31, 2000. 

TECHNICAL FIELD 

The technical field relates generally to scheduling. More particularly, it pertains 
to scheduling a mobile service representative for performance of a service while periodically 
optimizing the schedule so as to satisfy constraints and to meet business objectives. 

COPYRIGHT NOTICE - PERMISSION 

A portion of the disclosure of this patent document contains materials which are 
subject to copyright protection. The copyright owner has no objection to the facsimile 
reproduction by anyone of the patent document or the patent disclosure as it appears in the Patent 
and Trademark Office patent files or records, but otherwise reserves all copyrights rights 
whatsoever. The following notice applies to the software and data as described below and in the 
drawings attached hereto: Copyright © 2001, MDSI Mobile Data Solutions Inc., All Rights 
Reserved. 

BACKGROUND OF THE INVENTION 

Scheduling is a process of forming a plan under which action may be taken toward 
a goal. For a service organization such a goal includes a number of business objectives, such as 
offering convenient appointments to perform services for customers, making quality 
commitments in regard to these appointments, and reducing costs associated with performing 
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these services. To obtain services, a customer calls a service organization to place a work order 
for a service. The service organization schedules the work order. Then, the workforce of the 
service organization performs the service. 

In practice, this process of scheduling work orders is nontrivial if the service 
organization desires to meet multiple business objectives, such as those mentioned above. Also, 
various constraints, such as break times of the workforce and the need to give priority to certain 
work orders, further complicates the process of scheduling. 

Earlier generations of scheduling systems operate in a batch mode. These systems 
accept work orders from customers but are not sophisticated enough to immediately assign these 
work orders to a specific worker of the workforce. They offer appointment windows based on an 
inaccurate approximation of the capacity of the workfoce. The night before the work is to be 
performed, these systems assign the work orders to the workforce in a large batch process. With 
these systems, customers are confined to a certain options relating to the service that is to be 
performed. This limits the ability of a service organization to satisfy the preferences of its 
customers. 

As the expectations of customers have increased over time, scheduling systems 
that fail to meet these increased expectations may result in customer dissatisfaction and lead to 
the eventual lack of acceptance of the service organization in the marketplace. Thus, what is 
needed are systems and methods for enhancing the scheduling process that allows a set of 
constraints to be satisfied and a number of business objectives to be met while fulfilling 
customers' increased expectations. 

SUMMARY OF THE INVENTION 

An illustrative aspect of the present invention includes a scheduling system for a 
dispatching environment. The scheduling system includes a negotiator to negotiate an 
appointment window to perform an order, an assigner to assign the order to a shift of a mobile 
service representative, and an optimizer to optimize dynamically at least one shift so as to 
enhance the scheduling system in accordance with a predetermined set of business objectives. 
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Another illustrative aspect includes a method for scheduling. The method 
includes negotiating a reservation to perform an order for a customer against a schedule; booking 
the order having a priority, which was negotiated with the customer, against the schedule; 
assigning the order to a shift of the mobile service representative; and optimizing periodically the 
shift of the mobile service representative. 

Another illustrative aspect includes a method for scheduling mobile service 
representatives. The method includes negotiating an appointment window for booking a 
reservation, assigning the reservation to a shift of a mobile service representative, and optimizing 
periodically the shift of the mobile service representative while the acts of negotiating and 
assigning are executing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram of a system showing the relationship between a 
service organization, a scheduling system, mobile service representatives, and customers 
according to one aspect of the present invention. 

Figure 2 is a structure diagram of three data structures showing the programmatic 
representation of a reservation, a mobile service representative, and a shift according to one 
aspect of the present invention. 

Figures 3A-3C illustrate an exemplary assignment of a reservation to a shift 
according to one aspect of the present invention. Figure 3A shows three exemplary instantiations 
of the three data structures discussed in Figure 2 according to one aspect of the present invention. 
Figures 3B is a graphical diagram of a graph showing a shift according to one aspect of the 
present invention. Figure 3C is a graphical diagram of a graph showing a shift with a reservation 
fitted into the shift according to one aspect of the present invention. 

Figures 3D-3E build on the illustration of Figures 3A-3C and illustrate another 
exemplary assignment of another reservation to a shift according to one aspect of the present 
invention. Figure 3D is an exemplary instantiation of the reservation data structure as discussed 
in Figure 2. Figure 3E is a graphical diagram of a graph showing a shift with two reservations 
being fitted into the shift according to one aspect of the present invention. 
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Figures 3F-3H build on the illustration of Figures 3D-3E and illustrate another 
exemplary assignment of yet another reservation to a shift according to one aspect of the present 
invention. Figure 3F is an exemplary instantiation of the reservation data structure as discussed 
in Figure 2. Figure 3G is a tabular diagram of a table showing a list of appointment windows 
that are offered to a customer. Figure 3H is a graphical diagram of a graph showing a shift with 
three reservations being fitted into the shift according to one aspect of the present invention. 

Figure 4 is a process diagram of a method for scheduling according to one aspect 
of the present invention. 

Figures 5A is a structure diagram of a data structure showing the programmatic 
representation of an appointment window according to one aspect of the present invention. 
Figure 5B shows multiple instantiations of the appointment window data structure. 

Figure 6A is a tabular diagram showing a priority matrix according to one aspect 
of the present invention. Figure 6B is a graphical diagram showing that higher priority 
reservations may bump lower priority reservations in a shift. 

Figure 7 is a tabular diagram showing a set of reservations to illustrate the concept 
of aggregation according to one aspect of the present invention. 

Figure 8 is a block diagram showing a scheduling system according to one aspect 
of the present invention. 

Figure 9 is a state diagram showing the transitions of a state of a reservation in a 
scheduling process according to one aspect of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

In the following detailed description of exemplary embodiments of the invention, 
reference is made to the accompanying drawings, which form a part hereof, and in which are 
shown, by way of illustration, specific exemplary embodiments in which the invention may be 
practiced. In the drawings, like numerals describe substantially similar components throughout 
the several views. These embodiments are described in sufficient detail to enable those skilled in 
the art to practice the invention. Other embodiments may be utilized and structural, logical, 
electrical, and other changes may be made without departing from the spirit or scope of the 
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present invention. The following detailed description is, therefore, not to be taken in a limiting 
sense, and the scope of the present invention is defined only by the appended claims. The 
present application incorporates by reference the following references: U.S. Provisional 
Application No. 60/—, filed — ; and Simon Jacobs, Enterprise Scheduling System (ESS) 
Function Specification , Rev. 4.1 (June 30, 2000). 

Figure 1 is a block diagram of a system 100 according to one aspect of the present 
invention. The system 100 includes a service organization 102. The service organization 102 
performs services for a roster of customers. When a customer 108 is interested in having a 
service performed by the service organization 102, the customer 108 calls the service 
organization 102 to make a reservation for a service to be performed. 

Using the scheduling system 104, the service organization 102 negotiates with the 
customer 108 to place a reservation on a schedule. The scheduling system 104 provides to the 
service organization 102 several appointment windows from which the customer 108 may 
choose. The customer 108 selects an appointment window in which the service will be 
performed. 

During the negotiation, the scheduling system 104 determines which mobile 
service representatives 106 can do the work. The customer 108 picks an appointment window 
and the scheduling system 104 assigns to a mobile service representative 106. The mobile 
service representative 106 is one who is capable of performing the service requested by the 
customer 108. Each time a reservation is placed, the scheduling system 104 accounts for many 
factors in assigning the reservation to a mobile service representative 106, such as time 
availability, skill sets, geographic area, duration of each job, travel times between jobs, and 
equipment requirements. As customers 108 place more reservations for services, the scheduling 
system 104 periodically optimizes the schedule by relocating reservations assigned to a single 
mobile service representative or swapping reservations between different mobile service 
representatives. 

The scheduling system 104 can be implemented over one machine or several 
machines with different processors. This allows the scheduling system 104 to be scalable 
depending on the needs of the service organization 102. The scheduling system 104 is also 
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configurable. This allows the scheduling system 104 to meet different constraints and objectives. 
In one embodiment, the scheduling system 104 is implemented over Common Object Request 
Broker Architecture (CORBA). In another embodiment, the scheduling system 104 is 
implemented using a database, such as an Oracle database. In yet another embodiment, the 
scheduling system 104 uses both CORBA and an Oracle database. 

Figure 4 is a process diagram of a method 400 for scheduling according to one 
aspect of the present invention. The complete processing to offer appointment windows that 
corresponds to optimal assignment requires a considerable amount of computing time. Most 
customers are unwilling to wait until processing is complete so that a service organization can 
begin offering appointment window selections to fit a reservation. For this reason, the 
embodiments of the present invention separate the act of offering, which comprises the acts of 
negotiating and assigning, from the act of optimizing. The embodiments of the present invention 
provide a different suite of techniques for each act. 

The method 400 includes an act 402 for negotiating. The act 402 offers 
appointment windows to a customer to select for a reservation. The act 402 has performed 
enough processing to know that the reservation may be assigned to any of the appointment 
windows that are offered to the customer. The method 400 includes an act 404 for assigning. 
The act 404 assigns the reservation to a shift of a mobile service representative provided that the 
shift and the mobile service representative allows the reservation to be assigned such that the 
appointment window is honored and certain predetermined constraints, such as sufficient skill 
sets to perform the work under the reservation, are satisfied 

The embodiments of the present invention separate the acts 402 and 404 from the 
act of optimizing so as to enhance the speed of processing. The benefit of this approach is that it 
allows the service organization to be responsive to the preferences of the customers without 
having to keep the customers on the phone for a long period of time. Another benefit is that a 
service organization can have a better understanding of its capacity to service its customers. For 
example, at any point in time, each reservation is known; the assignment of the reservation to a 
shift is known; the mobile service representative that will be working on the reservation is 
known; the specific time to start travel to the reservation is known; the start time of working on 
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the reservation is known; and the time to end work is also known. This knowledge allows the 
service organization to tune its operation over time to service its customers better, to decrease 
cost, and to increase the productivity of its work force. 

The method 400 also includes an act 406 for optimizing. The act 406 changes the 
way reservations are assigned by the act 404 to meet certain optimization objectives defined by 
the service organization. The act 406 may move reservations within a shift of a mobile service 
representative. It may swap reservations between two shifts of two mobile service 
representatives. The act 406 runs periodically. It is designed to be independent from the act 404 
while new reservations are being assigned. 

Figures 2, 3, and 5-7 discuss a number of data structures that are used by the 
scheduling method 400, such as reservations, mobile service representatives, shifts, appointment 
windows, and aggregation parameter sets. The concepts of priority and aggregation will also be 
introduced in connection to these data structures. 

Figure 2 is a structure diagram of a data structure 200 showing the programmatic 
representations of a reservation 202, a mobile service representative 204, and a shift 206 
according to one aspect of the present invention. A reservation is an order for service that needs 
to be performed by a mobile service representative. The mobile service representative is a 
worker who performs the service specified by the reservation. A shift is a time period during 
which the mobile service representative is available for work. These representations are used by 
a scheduling system to provide scheduling information to a service organization. 

The reservation 202 can be assigned to a shift 206 if the reservation 202, the 
mobile service representative 204, and the shift 206 satisfy the constraints associated with the 
assignment. For example, the scheduling system will consider whether there is sufficient time 
left in the shift to perform the service. The scheduling system will assign a reservation to a shift 
if there is sufficient time in the shift for the mobile service representative to travel to the location 
of the reservation, perform the service requested by the reservation, and travel from the location 
of the reservation to a predetermined destination. In one embodiment, an additional constraint is 
that the performance of the service of the reservation must begin within the appointment 
window. 
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The data structure 200 represents a reservation that is placed by a customer with 
the scheduling system as the reservation 202. There are several data members associated with 
the reservation 202: an identifier 202 A ? which uniquely identifies each reservation 202; an 
appointment window 202B, which optionally specifies a time window in which the performance 
of the service must be commenced; a duration 202C, which specifies the time for performing the 
service; a priority 202D, which specifies a preferential rating for servicing the reservation; a 
location 202E, which specifies the geographic location where the service will be performed; and 
configurable fields 202F, which allow the service organization to specify additional constraints, 
such as the skills required to perform the work under the reservation 202. 

The data structure 200 represents a mobile service representative who performs 
the service requested by a customer as a mobile service representative 204. There are at least two 
data members associated with the mobile service representative 204: an identifier 204 A, which 
uniquely identifies each mobile service representative 204; and configurable fields 204B, which 
allow the service organization to specify additional constraints, such as the skills that the mobile 
service representative 204 possesses and the equipment that the mobile service representative 
204 possesses. 

The data structure 200 includes a representation of a shift as a shift 206. There are 
several data members associated with the shift 206: an identifier 206 A, which uniquely identifies 
each shift 206; a mobile service representative identifier 206B, which associates the shift 206 to a 
unique mobile service representative 206B; a shift time frame 206C, which specifies a time 
period during which the mobile service representative 206B is available for work; a set of breaks, 
for which each break specifies a time period in which the mobile service representative 206B 
interrupts his work for a respite; location information 206E, which specifies the starting and 
ending location; and configurable fields 206F, which allow the service organization to specify 
additional constraints, such as the geographic areas within which the mobile service 
representative 206B is allowed to work. 

Figures 3A-3C illustrate an exemplary assignment of reservations to a shift 
according to one aspect of the present invention. Figure 3 A shows three exemplary instantiations 
of the three data structures as shown in Figure 2 according to one aspect of the present invention. 
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The structure 300 includes instantiations 302, 304, and 306. The instantiation 302 is created to 
represent a specific reservation that has been placed by a customer, such as Reservation^ The 
instantiation 304 is created to represent a specific mobile service representative, such as MU1. 
The instantiation 306 is created to represent a specific shift of the mobile service representative 
MU1, such as Shift 1. 

These instantiations are shown to ease the illustration of an example that will be 
discussed hereinafter. For example, if one of the requirements is that the mobile service 
representative be able to work in the reservation's area, have at least one of the reservation's 
skills, and meet all of the reservation's equipment needs, then the mobile service representative 
304 is qualified to work on the reservation 302 during shift 306. More instantiations may be 
necessary as more reservations are placed, more mobile service representatives enter the work 
force of the service organization, and more shifts are imposed on the mobile service 
representatives. 

Figure 3B is a graphical diagram of a graph 308 showing the shift 306 discussed 
in Figure 3 A. The graph 308 includes an appointment window 310 of the reservation 302. In 
accordance with reservation 302, the appointment window 310 is between 9:00 to 11:00. The 
graph 308 includes several blocks of free time 311. These blocks of free time are times that a 
mobile service representative has available to work on a reservation. The graph 308 also 
includes break times, such as break times 312. These break times are specified in the shift 306. 

The mobile service representative 304 can start work at any time between 9:00 
and 10:00, or between 10:15 and 11:00. In one embodiment, the mobile service representative 
304 is not allowed to begin work during his coffee break. In another embodiment, the scheduling 
system requires the mobile service representative 304 to work a minimum amount of time on the 
reservation 302 before taking a break. 

Figure 3C is a graphical diagram of a graph 308 showing the shift 306 discussed 
in Figure 3A. The graph 308 shows that the reservation 302 has been booked into the shift 306. 
This booking is represented by the travel time 314 and the work time 316. 

Suppose the travel times involved are thirty minutes each, and if the reservation is 
started at 10:45, the schedule for the mobile service representative 304 is as follows: The mobile 
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service representative 304 begins traveling from (xs, ys), at 10:15; arrives at (xl, yl) at 10:45; 
works on reservation 302 for 75 minutes, until 12:00; takes lunch from 12:00 to 13:00 at the 
location of reservation 302; resumes work on reservation 302; completes it 45 minutes later at 
13:45; starts traveling from (xl, yl) at 13:45; and arrives at (xe,ye), at 14:15. 

The shift 306 of the mobile service representative 304 contains several blocks of 
free time 311. These blocks of free time 311 are available for the scheduling system to book 
additional reservations onto the shift 306. In the example discussed above, the mobile service 
representative 304 starts working on the reservation 302 at 10:45. But because the appointment 
window for the reservation 302 is anywhere from 9:00 to 11:00, the scheduling system may 
shuffle the starting time of the reservation so as to fit additional reservations into the shift 306. 

Figures 3D-3E build on the illustration of Figures 3A-3C and illustrate another 
exemplary assignment of another reservation to a shift according to one aspect of the present 
invention. Figure 3D is an exemplary instantiation of the reservation data structure as discussed 
in Figure 2. The instantiation of the reservation data structure produces reservation 318, which is 
uniquely identified as Reservation2. 

Figure 3E is a graphical diagram of a graph 308 showing a shift with two 
reservations being fitted into the shift according to one aspect of the present invention. The 
graph 308 shows an appointment window 320 associated with the reservation 318. The 
reservation 318 has been booked into the shift 306. This booking is represented by the work time 
324 and the travel time 322. 

Suppose the mobile service representative 304 finishes work on reservation 302. 
He now travels from (xl, yl) to the location of reservation 318 (x2, y2); from there he travels to 
where his shift ends, (xe, ye). If the travel time from (xl, yl) to (x2, y2) is fifteen minutes, and 
the travel time from (x2, y2) to (xe, ye) is still thirty minutes, the schedule for the remainder of 
MUl's day is as follows: The mobile service representative 302 starts traveling from (xl, yl) at 
13:45; arrives at (x2, y2) at 14:00; works on reservation 318 for 60 minutes until 15:00; takes his 
coffee break from 15:00 to 15:15 at the location of reservation 318; starts traveling from (x2, y2) 
at 15:15; and arrives at (xe, ye) at 15:45. 
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In one embodiment, in the process of assigning reservations to shifts, the 
scheduling system accounts for travel time at the start and end of a shift; accounts for travel time 
between reservations; recognizes the boundaries of shifts and the locations of breaks; ensures that 
work begins within the appointment windows specified for reservations; and ensures that the 
mobile users and their shifts satisfy the operational constraints of reservations. 

Figures 3F-3H build on the illustrations of Figures 3D-3E and illustrate another 
exemplary assignment of yet another reservation to a shift according to one aspect of the present 
invention. Figure 3F shows another exemplary instantiation of a reservation data structure as 
discussed in Figure 2 according to one aspect of the present invention. The instantiation of the 
reservation data structure produces reservation 326, which is uniquely identified as Reservation. 

Figure 3G shows a table 328 illustrating a number of appointment windows 
available to a service organization to negotiate with a customer to book reservation 326 to the 
shift 306 of the mobile service representative 304. During the negotiation, a customer requests 
several appointment windows for a reservation and the scheduling system examines the possible 
ways that the reservation can fit into a mobile service representative's shifts. As discussed 
above, the shift 306 already contains reservation 302 and reservation 318. There are three places 
that reservation 326 can be fitted into the shift 306: before reservation 302, between reservation 
302 and 318, and after reservation 326. 

The following example illustrates how the scheduling system fits the reservation 
326 before the reservation 302 in the shift 306. Suppose that the travel times are assumed to be 
about 20 minutes. The scheduling system can book reservation 326 into shift 306 provided that 
the reservation 326 starts between 8:20 and 9:35. For example, the starting time of 8:20 is 
determined as follows: the mobile service representative 304 starts to travel at the beginning of 
his shift, which is 8:00; travels for 20 minutes from (xs, ys), and arrives at (x3, y3) at 08:20; 
works on the reservation 326 for 50 minutes until 09:10; starts traveling from (x3, y3) at 09:10; 
arrives at (x3, y3) at 09:30, well in time to start work on reservation 302 at 10:45. 

As another example, the starting time of 9:35 is determined as follows: The 
scheduling system examines the appointment window for reservation 302 and discovers that the 
reservation 302 allows the start of work to occur as late as 11:00, which is a shuffle of about 15 
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minutes. The appointment window for reservation 318 also allows a commensurate shuffle. The 
mobile service representative 304 starts traveling from (xs, ys) at 09:15; arrives at (x3, y3) at 
09:35; works on reservation 326 for 25 minutes, until 10:00; takes his coffee break from 10:00 to 
10:15 at the location of reservation 326; resumes work on reservation 326, completing it 25 
minutes later at 10:40; starts traveling from (x3, y3) at 10:40; and then arrives at (xl, yl) at 
1 1 :00, in time to start reservation 302 at the end of its appointment window. 

Figure 3H is a graphical diagram of a graph showing a shift with three 
reservations being fitted into the shift according to one aspect of the present invention. The 
reservation 326 is represented in the graphs of Figure 3H as travel time 330 and work time 332. 
The graph 308A illustrates the fitting of the reservation 326 into an earliest start of the shift 304. 
The graph 308B illustrates the fitting of the reservation 326 into the latest start of the shift 304. 

Other analyses will show that the reservation 326 can be inserted between 
reservation 302 and reservation 318 provided that reservation 326 is started between 11:35 and 
14:05. The reservation 326 can be inserted after reservation 318 provided that reservation 326 is 
started between 15:35 and 15:50. The scheduled start and end times of the reservation 302 and 
the reservation 318 must be adjusted accordingly. 

All that remains is for the possible start times to be mapped to the appointment 
windows as shown in table 328 of Figure 3G. Each appointment window that overlaps one of the 
three start time ranges is offered to the customer by the service organization. 

In the example, the flexibility in the appointment windows of the reservation 302 
and the reservation 318 allows most of the appointment windows to be offered to the customer 
for reservation 326. In reality, there are likely to be several shifts into which reservation 326 fits, 
and which, in conjunction with the corresponding mobile service representatives, satisfy the 
operational constraints. The service organization is free to move the reservation 326 using the 
scheduling process to other shifts or to adjust the time at which the reservation 326 is scheduled 
to start in the shift 304 as long as the selected appointment window is honored. For example, if 
the customer selects the 09:00 to 10:00 window, the scheduling process is not allowed to 
schedule the start of work before 09:00, even though the start time range for the shift from which 
that window derives begins at 08:20. 
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Figures 5A is a structure diagram of a data structure showing the programmatic 
representation of an appointment window according to one aspect of the present invention. The 
appointment window data structure 500 includes a data member identifier 502, a data member 
start time 504, and a data member end time 506. The data member identifier 502 uniquely 
identifies an appointment window. The data member start time 504 is the start time of the 
appointment window. The data member end time 506 is the end time of the appointment 
window. 

An appointment window set is a standard set of appointment windows that are 
offered to customers. This set is offered to customers by the service organization. In one 
embodiment, the scheduling system allows the service organization to make a reservation with an 
appointment window that is not in the set. In another embodiment, no two appointment windows 
can have the same start and end times. Appointment windows may overlap. 

Figure 5B shows multiple instantiations of the appointment window data 
structure. The appointment window set 508 shows various window options, such as a one-hour 
windows, two-hour windows, and morning, evening, and night window. 

Figure 6A is a tabular diagram showing a priority matrix 600 according to one 
aspect of the present invention. The embodiments of the present invention use priority to rank 
the importance of certain reservations. In one embodiment, a low priority number reflects a high 
priority. For example, a reservation for an emergency condition might have a priority of 1 or 2, 
while a reservation for preventative maintenance or inspection work might have a priority of 9 or 
10. 

If bumping is enabled, the embodiments of the present invention may bump (that 
is, remove the assignments from) lower priority reservations to make room for higher priority 
reservations. There are two forms of bumping: bumping automatically and bumping on request. 
Bumping automatically bumps reservations of specific priorities to make room for a reservation 
of a higher priority without prior approval from the service organization. Bumping on request 
bumps reservations of specific priorities to make room for a reservation of a higher priority, but 
only when the service organization explicitly requests such. In one embodiment, bumping is 
inhibited during the optimizing process. 
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One implementation of the bumping concept is the use of a bumping matrix. The 
service organization uses the bumping matrix to determine when lower priority reservations can 
be bumped. The priority matrix 600 in Figure 6A defines an exemplary bumping matrix for a 
service organization using six priorities. The set of cells that contain "NO" or "-" indicate that a 
reservation of priority i cannot bump a reservation of priority j. The set of cells that contain 
"AU" indicate that a reservation i can automatically bump a reservation of priority j. The set of 
cells that contain "AP" indicate that a reservation of priority i can bump a reservation of priority j 
when the service organization explicitly requests such a bump. 

In the priority matrix 600, a reservation of priority 1 can automatically bump 
reservations of priorities 4 to 6. Bumping of reservations of priorities 2 and 3 is possible when 
the service organization makes a request. A reservation of priority 3 can bump reservations of 
priority 5 automatically, but the reservation of priority 3 cannot automatically bump reservations 
of priority 4 and 6. The bumping characteristics for reservations of priority 2 are unusual but 
permissible: they allow reservations of priority 2 to bump reservations of priority 4 
automatically, but to bump reservations of priority 5, the service organization must make a 
request. 

Figure 6B is a graphical diagram showing that higher priority reservations may 
bump lower priority reservations in a shift. The graph 602 shows a shift with seven assigned 
reservations. The priority of each reservation is shown on the reservation. 

For illustrative purposes only, the following assumptions are made for the 
example to be discussed: The shift does not contain breaks. Each reservation takes 45 minutes 
to complete. The travel time between reservations of priority 3 and 5 is 30 minutes. The travel 
time between reservations of priority 5 and 1 is 30 minutes. The travel time between reservations 
of priority 3 and 1 is 60 minutes. All other travel times are 15 minutes. Each reservation is 
bump enabled. 

Suppose that the service organization would like to fit a reservation of priority 2 
into the shift as shown in the graph 602. If the service organization does not request bumping, 
the scheduling system will automatically bump certain reservations using the bumping matrix 
600. Thus, reservations of priority 4 and 6 will be removed from the shift as needed so as to 
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accommodate the reservation of priority 2. The graph 604 illustrates this automatic bumping of 
reservations. 

Suppose now that the service organization would like to request bumping for the 
reservation with priority 2, Thus, reservations of priorities 4, 5, and 6 may be removed as needed 
to accommodate the reservation with priority 2. The graph 606 illustrates this combination of 
automatic bumping and requested bumping. 

Figure 7 is a tabular diagram showing a set of reservations to illustrate the 
implementation of aggregation according to one aspect of the present invention. The 
embodiments of the present invention allow reservations that are similar in some way to be 
aggregated or grouped together so that they are assigned one after the other to the shift of a 
mobile service representative. For example, reservations that are for the same apartment building 
or in close proximity might be aggregated. 

There are at least two uses of aggregation. When accurate travel time information 
does not exist, aggregation allows reservations that are in close proximity to be identified, such 
as by a common street address or zip code. When accurate travel time information does exist, 
aggregation brings together reservations that are closely related to be assigned to the same mobile 
service representative, preventing more than one mobile service representative from showing up 
in roughly the same location at the same time. Many service organizations maintain that 
customer satisfaction decreases when more than one company truck is seen in the same location 
at the same time; aggregation reduces the likelihood that this will happen. 

The embodiments of the present invention aggregate reservations by comparing 
values in a number of fields in each reservation. If the reservations have the same values for the 
corresponding fields, the reservations are aggregated. In one embodiment, other conditions must 
be satisfied before the reservations are aggregated even if the reservations have the same values 
for the corresponding fields. For example, if the fields of interest are street name and address, the 
embodiments of the present invention aggregates if both reservations have the same street name 
and address. 

The embodiments of the present invention create an aggregation parameter set. 
The aggregation parameter set defines the fields of a reservation that will be compared for 
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aggregation purposes. In one embodiment, if two reservations have the same values in each of 
the fields identified in the aggregation parameter set, then the reservations can be aggregated 
provided that the shift can accommodate the aggregated reservations. 

The table 700 in Figure 7 shows a set of reservations, Reservation 1 to 
Reservation 5. The aggregation parameter set is defined to include street name and street 
number. Only Reservation 2 and Reservation 4 can be aggregated using this aggregation 
parameter set. 

Figure 8 is a block diagram showing a scheduling system 800 according to one 
aspect of the present invention. The scheduling system 800 is similar to the scheduling system 
104 as discussed in Figure 1, but is discussed here in greater detail. The scheduling system 800 
includes a negotiator 802, an assigner 804, and an optimizer 806. The negotiator 802, the 
assigner 804, and the optimizer 806 may use a suite of components 810 to carry out their task. 
This suite of components 810 is configurable allowing a service organization to implements its 
business objectives through a set of rules and constants. 

When a customer calls to place a reservation for a service to be performed, the 
service organization uses the negotiator 802 to obtain a set of appointment windows. Then, the 
service organization offers this set of appointment windows to the customer. The customer 
selects a appointment window to fit his reservation. The negotiator 802 records the selected 
appointment window for the reservation. 

The assigner 804 then assigns the reservation to a shift of a mobile service 
representative. To do that, the assigner 804 uses the assignment filter 812. The assignment filter 
812 finds a set of shifts that are suitable for the reservation. For example, if a mobile service 
representative must have at least one of the skills associated with a reservation before he can be 
assigned that reservation, the assignment filter 812 provides the assigner 804 with all shifts 
belonging to mobile service representatives who have at least one of the skills in the reservation. 
In one embodiment, the assignment filter 812 also sorts the shifts it returns: more desirable shifts 
are sorted ahead of less desirable shifts. For example, the shifts for a mobile service 
representative who has two of a reservation's skills might be sorted before shifts for a mobile 
service representative who has only one of a reservation's skills. 
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After calling the assignment filter 812, the assigner 804 attempts to fit the 
reservation into each of the shifts that are returned, starting with the most desirable shift and 
working down to less desirable shifts. The assigner 804 assigns the reservation to the most 
desirable shift into which it fits. The assigner 804 may use the assignment error component 814 
to find out the reasons why a reservation cannot be assigned to a mobile service representative. 

The assigner 804 may use the travel time component 816 to calculate the travel 
time in at least three situations: the travel time between the start location of a shift and the first 
reservation assigned to the shift; the travel time between two reservations assigned to a shift; and 
the travel time between the last reservation assigned to a shift and the end location of a shift. The 
travel time component 816 may use a geo-coded technique or a non-geo-coded technique. 

The optimizer 806 runs periodically while the negotiator 802 negotiates with 
customers and the assigner 804 assigns a reservation to a shift of a mobile service representative. 
The optimizer 806 uses the optimizing filter 818 to find shifts into which a reservation, which 
has already been assigned, can be reassigned. The optimizing filter 818 filters out the shift to 
which the reservation is assigned. It also filters out shifts that have travel time too far away from 
the reservation. For example, if optimization is based solely on travel time, and the travel time 
associated with the reservation's current assignment is fifteen minutes, shifts that are more than 
fifteen minutes away from the reservation can be filtered out. 

The optimization filter 818 also sorts the shifts it returns to the optimizer 806: 
more desirable shifts are sorted ahead of less desirable shifts. After calling the optimization filter 
818, the optimizer 806 attempts to fit the reservation into each of the shifts that are returned, 
starting with the most desirable shift and working down to less desirable shifts. The optimizer 
806 attempts to inter-shift or intra-shift badly assigned reservation into a more desirable shift that 
allows the optimization objectives as defined the optimizing objective component 820 to be 
better satisfied. 

The optimizing objective component 820 determines whether moving a 
reservation within a shift or swapping reservations between two shifts increases the degree to 
which the optimization objectives are satisfied. For example, suppose the optimizing objectives 
have greater preference for reducing travel time than having a suitable set of skills. In this 
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example, a reservation can be swapped to the shift of a new mobile service representative with 
less suitable skills from the shift of the currently assigned mobile service representative with 
more desirable skills, if the amount of travel time needed for the new mobile service 
representative is significantly less than the currently assigned mobile service representative. 

Figure 9 is a state diagram 900 showing the transitions of a reservation according 
to one aspect of the present invention. The state diagram 900 tracks the states of a reservation. 
In this way, the state diagram 900 offers a view into the inner workings of the scheduling process 
according to the embodiments of the present invention. When the scheduling process acts upon 
the reservation by executing various pieces of software, the reservation may transition to another 
state as shown in the state diagram 900. For example, a starting state 901 denotes the yet-to-be 
reservation. When the scheduling process creates the reservation (shown in the state diagram 
900 as an arc with the word "create"), the reservation transitions from the starting state 901 to a 
pending state 902. 

The state diagram 900 includes a starting state 901 that denotes a starting state of 
the reservation and several ending states 999 that denote ending states of the reservation. The 
starting state 901 illustrates the ingress of a reservation into the state diagram 900. In other 
words, it denotes the commencement of the processing of a reservation for a customer in a 
scheduling process. The ending state 999 illustrates the egress of the reservation from the state 
diagram 900. When the reservation exits from the state diagram 900, it ceases to exist as an 
entity useful to the scheduling process. 

When a reservation is created, the state of the reservation transitions from the 
starting state 901 to the pending state 902. In the pending state 902, a reservation has the 
potential to be assigned to a shift of a mobile service representative. A reservation contains the 
information a scheduling process needs to make an assignment. A reservation includes one or 
more of the following data members: (1) an identifier; (2) a duration; (3) priority; (4) location; 
(5) an appointment window start date and start time; (6) an appointment window end date and 
end time; (6) a desired mobile user; (7) a bumping indicator; (8) an aggregation indicator; and (9) 
zero or more configurable fields. 
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While the reservation is in the pending state 902, it may transition to an ending 
state 999 if the reservation were to be canceled, timed out, or completed. When a reservation is 
canceled, it is immediately purged from the scheduling process. The reservation ceases to exist. 
A reservation times out when a predetermined period of time has elapsed and either no activity 
has transpired with respect to the reservation or the corresponding order has not created for the 
reservation. When a reservation times out, it is canceled. When the scheduling process forces 
the reservation to be completed while in the pending state 902, the reservation is purged from the 
scheduling process. 

While the reservation is in the pending state 902, all of its properties except for 
the identifier may be modified. The scheduling process may execute an act for finding 
appointment windows while the reservation is in the pending state 902. If the act for finding 
appointment windows is successful, the scheduling process will return a list of appointment 
windows for a service organization to negotiate with customers. 

The reservation may transition from the pending state 902 to the booked state 904 
if the act of assigning is executed. The scheduling process attempts to assign the reservation to a 
shift that is considered suitable for the reservation. If the reservation has a mobile service 
representative, the shift is associated with that mobile service representative. The reservation fits 
into the shift if its start of work date and time fall within the appointment window and if its start 
of travel date and time are later than the current date and time (that is, the time at which the 
request is made) by at least the value of a predetermined minimum time to start travel For 
example, if the current time is 10:07 and the parameter is set to 5 minutes, the start of travel 
cannot be scheduled earlier than 10:12. 

The shift might contain booked reservations that can be bumped by the scheduling 
process. When the scheduling process actually fits the reservation being assigned into the shift, it 
does not bump all of the reservations that it can. For example, the scheduling process might 
bump only two reservations even though seven reservations can be bumped if necessary. Each 
reservation that is bumped is placed in the bumped state 908. Reservations in a shift can be 
aggregated if the aggregation indicator specified in the reservation is enabled. 
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Sometimes the act of assigning may refuse to assign because of various factors, 
such as a lack of a suitable shift for the mobile service representative. In this case, the service 
organization may command the scheduling process to force the reservation to be assigned. When 
the act of forcibly assigning is executed from the pending state 902, the reservation may 
transition to either a linked state 914 or to an orphaned state 916. 

The reservation will transition to the linked state 914 if the appointment window 
specified for the reservation overlaps with one or more of the shifts of the desired mobile service 
representative. In the linked state 914, the reservation is associated with a shift of the desired 
mobile service representative. The reservation will transition to the orphaned state 916 if the 
appointment window specified for the reservation does not overlap with any of the shifts of the 
desired mobile service representative. In the orphaned state 916, the reservation is associated 
with the desired mobile service representative but not with a shift because there is no shift that 
can apparently accommodate the reservation. 

The booked state 904 denotes that the reservation is being assigned to a shift of a 
mobile service representative. The reservation may transition to an ending state 999 if the 
reservation is canceled or timed out. If the reservation must be changed in some way while in the 
booked state 904, the scheduling process may modify the reservation by setting a property from 
the reservation's list of properties. After the reservation is modified, the scheduling process 
again attempts to find a list of appointment windows and executes an act of reassigning to 
reassign the reservation based upon the changes in the reservation. 

If the act of reassigning refuses to reassign the reservation, the service 
organization may force the scheduling process to reassign by executing an act of forcibly 
reassigning. Just as in the act of assigning, if the appointment window of the reservation 
overlaps with at least one of the shifts of the mobile service representative, the execution of the 
act of forcibly reassigning would transition the reservation from the booked state to a linked 
state. If there is no overlapping between the appointment window and the shifts of the mobile 
service representative, the reservation would transition to the orphaned state. 

A shift may be changed while one or more reservations are in the booked state 
904. The scheduling process may modify the structure of the shift, such as the break start date 
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and start time and end date and end time. The scheduling process may also modify other aspects 
of the shift that are not structural, such as start and end locations. All fields except for the shift 
identifier and the mobile service representative identifier can be modified. If the changes to the 
shift are not structural, the scheduling process will take the modifications into account in future 
processing. If the changes to the shift are structural, the reservations, both in the booked state 
and the linked state, that are associated with the shift are removed. Then they are assigned to the 
modified shift. 

If the act of modifying the shift refuses to execute, the service organization can 
force the scheduling system to forcibly modify the shift. Again, booked reservations and linked 
reservations are removed and assigned again to the forcibly modified shift. If there are booked 
reservations that cannot be booked back into the modified shift or linked reservations that cannot 
be booked or linked back into the modified shift, then these reservations are placed in the yanked 
state 910. 

A shift may be deleted while in the booked state 904. The scheduling process can 
delete the shift if the shift has no booked or linked reservations associated with it. If the shift is 
deleted, it ceases to exist as an entity useful to the scheduling process. If the act of deleting 
refuses to delete a shift, the service organization may force the scheduling process to forcibly 
delete the shift. When this occurs, booked and linked reservations are removed from the shift 
and are placed in the yanked state 910. Then, the shift is deleted. 

The scheduling process performs optimization periodically. When a reservation is 
in the booked state 904, it may be taken into account by the optimization processes. There are 
two types of optimization: intra-shift and inter-shift. Intra-shift relocates reservations assigned to 
a single shift to reduce the overall travel time. The properties of a shift are generally constant, 
such as the required set of skills, and thus intra-shift focuses on reducing travel time. Inter-shift 
relocates reservations assigned between two shifts to meet a set of predetermined optimization 
objectives. 

A reservation that is in the booked state 904 may transition back to the pending 
state 902, if the assignment of the reservation is removed by the act of removing an assignment. 
When this act executes, the reservation is removed from the shift in which it is booked. The 
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travel time between the remaining reservations in the shift is recomputed. The work time and 
any travel time freed up by removing the assignment are made available for future assignments to 
the shift. 

The reservation may transition to the completed state 906 from the booked state 
904 if the scheduling process executes an act of completing. The act of completing does the 
following to the reservation: (1) the reservation remains in the shift in which it is booked; (2) the 
work and travel time needed for the reservation remains unavailable for subsequent assignments 
to the shift; (3) the reservation cannot be bumped (even if the service organization requests 
bumping); (4) the reservation cannot be aggregated with other reservations that are subsequently 
booked to the shift (it remains aggregated with reservations that have already been booked to the 
shift); (5) the reservation cannot be moved to another shift (of either the same mobile service 
representative or a different mobile service representative); and (6) the reservation can 
subsequently be relocated within the shift when the scheduling process optimizes. 

The completed state 906 denotes that the reservation has been successfully fitted 
into a shift of a mobile service representative. The reservation in the completed state 906 will 
transition to the ending state 999 if one of the following acts were to be executed: purging, 
modifying a shift, force-modifying a shift, deleting a shift, and force-deleting a shift. If the 
reservation transitions to the ending state 999, it ceases to exist as an entity useful to the 
scheduling process. 

The reservation transitions to the bumped state 908 from the booked state 904. It 
makes this transition when it is bumped from a shift because another reservation is assigned to 
occupy a portion of the shift that it used to occupy. The reservation transitions to the ending state 
999 from the bumped state 908 if the reservation is canceled, completed, or timed out. 

The scheduling process automatically attempts to assign the bumped reservation. 
There may be a number of bumped reservations that need to be assigned. If this is the case, the 
scheduling process assigns them in the order of their priority. For reservations of the same order 
of priority, the scheduling process assigns reservations that have been waiting longer for 
assignment. If the assignment is unsuccessful, the reservation will transition to the pending state 
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902 from the bumped state 908. If the assignment is successful, the reservation transitions to the 
booked state 904 once again. 

If the act of assigning a bumped order refuses to assign the reservation but the 
reservation has specified a desired mobile service representative, the scheduling process will 
forcibly assign the reservation. The reservation transitions from the bumped state 908 to the 
linked state 912 or the orphaned state 916 if the scheduling has to forcibly assign the reservation. 
Recall that a transition to the linked state 912 means that the desired mobile service 
representative has at least one shift that overlaps with the appointment window of the 
reservation. Otherwise, the reservation transitions to the orphaned state 916. 

While a reservation is at the bumped state 908, the properties of the reservation 
may be changed. If one of the reservation's properties is changed, the scheduling process finds 
appointment windows and attempts to reassign the reservation. If it is successfully reassigned, 
the reservation transitions to the booked state 904 from the bumped state 908. To clarify a point 
hereinabove and hereinbelow, when the discussion describes that the scheduling process takes a 
certain actions, it is meant that there is an external actor, such as a service organization, that acts 
upon the scheduling process so as to allow the scheduling process to take a desire action. 

The act of reassigning a bumped order may be refused because there may not be a 
suitable shift for reassignment. In that case, the service organization may force the scheduling 
process to forcibly reassign the reservation. The reservation would transition to either the linked 
or the orphaned state depending on whether there is at least one shift that overlaps with the 
appointment window of the reservation as discussed hereinbefore. 

The reservation transitions to the yanked state 910 from the booked state, the 
linked state, or the orphaned state when the scheduling process executes an act of forcibly 
modifying a shift or an act of forcibly deleting a shift. The yanked state 910 is similar to the 
bumped state 908 in that both the yanked state 910 and the bumped state 908 are temporary states 
signifying that the reservation's assignment has been removed and the scheduling system ought 
to automatically assign the reservation again. The reservation will transition to the ending state 
999 from the yanked state 910 if the reservation is canceled, completed, or timed out. 
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The scheduling process automatically attempts to assign the yanked reservation. 
There may be a number of yanked reservations that need to be assigned. If this is the case, the 
scheduling process assigns them in the order of their priority. For reservations of the same order 
of priority, the scheduling process assigns reservations that have been waiting longer for 
assignment. If the assignment is unsuccessful, the reservation will transition to the pending state 
902 from the yanked state 910. If the assignment is successful, the reservation transitions to the 
booked state 904 once again. 

If the act of assigning refuses to assign the reservation but the reservation has 
specified a desired mobile service representative, the scheduling process will forcibly assign the 
reservation. The reservation transitions from the yanked state 908 to the linked state 912 or the 
orphaned state 916 if the scheduling has to forcibly assign the reservation. 

While a reservation is at the yanked state 910, the properties of the reservation 
may be changed. If one of the reservation's properties is changed, the scheduling process finds 
appointment windows and attempts to reassign the reservation. If it is successfully reassigned, 
the reservation transitions to the booked state 904 from the yanked state 910. 

The act of reassigning may be refused because there may not be a suitable shift for 
reassignment. In that case, the service organization may force the scheduling process to forcibly 
reassign the reservation. The reservation would transition to either the linked state 914 or the 
orphaned state 916 from the yanked state 910 depending on whether there is at least one shift that 
overlaps with the appointment window of the reservation as discussed hereinbefore. 

The reservation enters the linked state 914 or the orphaned state 916 from the 
booked state 904, the bumped state 908, or the yanked state 910 when the scheduling process 
forcibly reassigns the reservation. The reservation also enters the linked state 914 or the 
orphaned state 916 from the bumped state 908, the yanked state 910, or the pending state 902 
when the scheduling process forcibly assigns the reservation. Recall again that a reservation 
would transition to the linked state 914 if the appointment window specified for the reservation 
overlaps with at least one shift of the desired mobile service representative. Otherwise, the 
reservation would transition to the orphaned state 916 if the appointment window specified for 
the reservation does not overlap with any shifts of the desired mobile service representative. 
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For clarity purposes, the following discussion of the linked state 914 and the 
orphaned state 916 is referenced as the linked/orphaned state 912. This is because the execution 
of pieces of software by the scheduling process in one state is similar to the other state. The 
reservation may transition to the ending state from the linked/orphaned state 912 if the 
reservation is canceled, completed, or timed out. 

The reservation may transition to the pending state 902 from the linked/orphaned 
state 912 if the scheduling process removes the assignment of the reservation to a shift. The 
reservation may transition to the booked state 904 from the linked/orphaned state 912 if the 
following were to occur: the scheduling process changes one of the properties of the reservation, 
finds a new list of appointment windows, and reassigns the reservation to a new shift. The 
reservation may also transition to the yanked state 910 from the linked/orphaned state 912 if the 
scheduling process forcibly modifies a shift or forcibly deletes a shift and the reservation cannot 
be booked or linked back to the modified shift. The reservation remains in the linked state 914 if 
the reservation can be linked back to the modified shift after the scheduling process forcibly 
modifies a shift. 

There is other administrative software provided by the scheduling process that is 
not shown in the state diagram 900. One piece of software adds a mobile service representative. 
This creates a representation of the mobile service representative so as to be used in the 
scheduling process. The representation includes an identifier and zero or more configurable 
fields. These fields include business units; default working area; skills; equipment types; 
customer in an emergency situation; and customer out of coverage. Two other pieces of software 
modify a mobile service representative and delete a mobile service representative. The piece of 
software for modifying a mobile service representative can modify any property associated with 
the mobile service representative. Current assignments of reservations to the mobile service 
representative are not affected. The mobile service representative can be deleted as long as there 
are no shifts associated with the mobile service representative. Also, the mobile service 
representative cannot be a desired mobile service representative of any reservation. 

Another piece of software adds a shift. This creates a representation of a shift 
used by the scheduling process to assign reservations and optimize the assignment of 
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reservations. The representation includes an identifier; a mobile service representative identifier; 
a starting date and time; an ending date and time; breaks; starting location; ending location; and 
loading level of the mobile service representative. The loading level reflects the maximum 
percentage of the time in the shift to be assigned. This is typically used for a highly skilled 
mobile service representative so as to free his or her time up for emergency situations that may 
require immediate attention. 

Other pieces of software allow the service organization to query for information. 
One piece of software would notify the service organization if there has been an occurrence of a 
reservation event. An example of such a notification technique includes a suitable subscription 
service that allows a subscriber to be apprised of changes in an event. A reservation event would 
include a transition from one state to another state in the state diagram 900. Another piece of 
software gets the reservation assignment information for the service organization. The 
reservation assignment information includes the state the reservation is at in the state diagram 
900. Another piece of software gets the shift assignment information. This piece of software 
identifies the mobile service representative associated with the shift; identifies each booked, 
linked, or completed reservation; and identifies the start of travel date and time, the start of work 
date and time, and the end of work date and time. Another piece of software gets the mobile 
service representative assignment information. This piece of software obtains the identifier for 
the mobile service representative and identifies each reservation that is associated as an orphan to 
the mobile service representative. Another piece of software allows the service organization to 
confirm a reservation. When a reservation is confirmed, the scheduling process cannot time out 
the reservation. 

The various pieces of software discussed hereinbefore may be implemented in a 
CORBA environment. But such an implementation is not a limitation on the embodiments of the 
present invention. Other implementations that are suitable may be substituted, such as 
Component Object Model (COM). 

What has been discussed hereinbefore is a scheduling system flexible enough to 
address the preferences of customers of a service organization while allowing the service 
organization to satisfy constraints placed on the scheduling system and to meet business 
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objectives. The scheduling system comprises three main components. The negotiator interacts 
with customers to negotiate an appointment window to perform the service specified in the 
reservation. The assigner assigns the reservation to a shift of a mobile service representative. 
And the optimizer continuously optimizes the schedule in the background. 

Because customers loathe waiting on the phone for an extended period of time, 
the embodiments of the present invention tune the negotiator and the assigner to work fast 
enough to obtain an agreeable time window in which a worker to perform the service requested. 
The assigner works immediately after the negotiator has interacted with the customers. After 
that, the optimizer improves the schedule in accordance to the set of optimizing objectives, such 
as minimizing travel time of the mobile service representative. 

Although the specific embodiments have been illustrated and described herein, it 
will be appreciated by those of ordinary skill in the art that any arrangement which is calculated 
to achieve the same purpose may be substituted for the specific embodiments shown. This 
application is intended to cover any adaptations or variations of the present invention. It is to be 
understood that the above description is intended to be illustrative, and not restrictive. 
Combinations of the above embodiments and other embodiments will be apparent to those of 
skill in the art upon reviewing the above description. The scope of the invention includes any 
other applications in which the above structures and fabrication methods are used. Accordingly, 
the scope of the invention should only be determined with reference to the appended claims, 
along with the full scope of equivalents to which such claims are entitled. 



